Proximate composition of small catfish, Mystus bleekeri, from Nala Daik, Sialkot, Pakistan was investigated and fluctuation in relation to body size and condition factor was carried out. Mean percentages for water, fat, protein and ash contents in the whole wet body weight of wild M. bleekeri were 77.87, 3.26, 15.01 and 3.87%, respectively. Body composition of the fish was effected by body size; however, condition factor remains constant with observed body constituents (% water, fat, protein, ash and organic contents). Highly significant (P<0.001) correlation Found between percentage water and percentage fat, protein, ash and organic contents in both wet and dry body weight. Investigation of body size on body constituents Reflected decrease in relative amount of water, skeleton (wet and dry weight), increase in fat (dry weight), protein, organic contents (wet and dry weight), and no effect on fat (wet weight) with growth of fish. Additionally, the first reference for proximate composition for M. bleekeri is provided.
INTRODUCTION
Mystus bleekeri (Day, 1877) is a small, freshwater catfish with a reported maximum length as 15.5 cm (Froese and Pauly, 2011) and belongs to order Siluriformes and family Bagridae. Among the small sized fishes, it has high economic importance and market value. Despite its small size, it is considered as a food fish (Musa and Bhuiyan, 2007; Shinde et al., 2009; Haniffa, 2009) , having good taste and nutritional value (Faruk-Ul-Islam, 2007) . It occurs in streams, rivers, side channels, tanks and reservoirs (Tiwana et al., 2007) . In Pakistan, it is locally called Tingara (Mirza and Alam, 2002) and distribution is known from Khyber Pakhtunkhwa, Punjab and Sindh (Mirza, 2002) .
Chemical body composition of fish could illustrate its physiological condition and health (Saliu et al., 2007) . Although, it takes a lot of time to determine body composition but believed a good indicator for Afr. J. Biotechnol. Stickney and Torres, 1989; Childress et al., 1990; Donnelly et al., 1990) . Water temperature also affects the body composition of fish (Wassef and Shehata, 1991; Touhata et al., 1998) , as the rate of fish metabolism decreases in winter and increases in summer season (Goddard, 1996; Guinea and Fernandez, 1997; Bureau et al., 2002) . Proximate composition also changes with increasing depth (Drazen, 2007) . Suseno et al. (2010) have reported high protein and low fat content in fish due to increasing depth.
Fish is consumed by a large percentage of population in the world due to its high quality of protein level (Foran et al., 2005) . Therefore, it is important to estimate proximate composition of fish, prior to their consumption (Fawole, 2007) . Moreover, the proximate composition of a fish can yield information about its energetic adaptations, locomotory habits (Childress and Nygaard, 1973; Childress et al., 1990) and commercial specifications (Waterman, 2000) .
To the best of our knowledge, there is no information in either national or international literature on the proximate composition of M. bleekeri. Therefore, the aim of this study was to evaluate the proximate composition and how it fluctuates in relation to body size and condition factor in M. bleekeri caught from a stream, Nala Daik, Sialkot, Pakistan.
MATERIALS AND METHODS
Fish samples of M. bleekeri used for this study were collected from Nala Daik, a stream in Sialkot, Pakistan, with various fishing gear (hand net, cast net, etc.) during February and March , 2010. Collected fish were kept in plastic container and transported alive to the laboratory for further analysis. The fish specimens were washed immediately, on arrival to the laboratory, until it was free from adhering blood and slime after anaesthetizing with MS-222. They were measured for total length (TL) to the nearest 0.1 cm and weighed to the nearest 0.01 g (W, wet weight).
Proximate composition of fish samples was analyzed. Water content was determined by weighing differences before and after the Electrical oven drying (70°C for 48 h) of the sample to a constant weight.. Each dry specimen was powdered and homogenized for further analysis. Ash content was determined by taking the weighed sample powder of each fish in heat resistant china clay crucibles, using a muffle furnace (RJM 1.8-10, China) for 12 h at 450 to 500°C. Fat content was measured by extraction in a ratio of 1:2 mixture of chloroform and methanol (Bligh and Dyer, 1959 As fish usually contains carbohydrates in a negligible quantity (Elliott, 1976; Salam and Davies, 1994) , protein content was estimated by difference from the mass of other main constituents, that is, ash, fat and water (Caulton and Bursell, 1977; Dawson and Grimm, 1980) . Organic contents were determined indirectly by difference from the ash content.
The Fulton condition factor (K) for each fish was computed as K = (W/L3) X 100 by following the method of Weatherley and Gill (1987) and Wootton (1990 Wootton ( , 1998 . As the variations in body composition are related to body weight, total length and condition factor, the inter-relationships of these variables are examined using a multiple regression model having the general form: Y = a + b1 W + b2 X Where, a, b1, b2 are constants; W is the wet body weight; X is either total length (TL) or condition factor (K), and Y is water (%), fat (% wet weight) or protein (% wet weight).
Statistical analysis
Statistical analysis including regression analysis and calculation of correlation coefficients, standard error of the estimates, student's ttest, and plotting of data were carried out with the help of computer packages, MS-Excel and Minitab. Correlation coefficients were considered significant at P<0.001, P<0.01 and P<0.05 (Zar, 1996) .
RESULTS
A total of 95 specimens of wild M. bleekeri (2.01 ± 0.386 cm TL [mean ± SD]) were evaluated for proximate body composition. Mean percentages for water, fat, protein and ash contents in the whole wet body weight of wild M. bleekeri are presented in Figure 1 .
Relationship between water and body constituents
The relationship between percentage water and percentage of different body constituents (wet and dry weight) is presented in Table 1 . Fat (wet weight), protein and organic contents (wet and dry weight) showed inverse relationships, while fat (dry weight) and ash (wet and dry weight) showed positive correlation. All these relationships were found to be highly significant at P < 0.001.
Relationship between body size and body constituents
Regression analysis between fish body weight (wet and dry) and each percent of body constituents yielded highly significant negative relationship with percentage of water and ash (wet and dry weight), while it yielded positive correlation with fat (dry weight), protein and organic contents (wet and dry weight). However, insignificant relationship was found with fat content (dry weight) to body weight. Similar results were found between fish total length and each percentage of these body constituents (wet and dry weight). Student's t-test shows that the slopes (b) of the regression lines are statistically different from b = 0 in all cases (Table 2) .
On calculation of correlation and the total values of the parameters of body constituents (water, fat, protein, ash and organic contents) with wet body weight and total length, this value was strongly correlated positively (P<0.001), except ash content which was significant (P<0.01) with body weight and least significant (P<0.05) with total length in M. bleekeri whether untransformed or log transformed. In log transformed relationships of total values of body constituents with body weight, slope 'b' exhibited positive allometric in total fat, protein and organic contents, while it exhibited negative allometric in water and ash. Value of "b", in log transformed relationship of total values of body constituents with total length showed positive allometric relation with total protein and organic content, and negative allometric relation in water, fat and ash (Tables 3 and 4) .
Relationship between condition factor and body constituents
The condition factor (K) was found as 0.74 ± 0.075 (mean ± SD) with a range of 0.60 to 1.02. Linear regression analysis revealed insignificant correlation between condition factor and body constituents (water, fat, protein, ash and organic contents) of M. bleekeri. Results of these relationships are summarized in Table 5 .
Multiple regression analysis
On calculation of multiple regression between different variables, wet body weight, condition factor and total length, it was found that this value was highly significant (P<0.001) in M. bleekeri (Table 6) .
DISCUSSION
Values of the overall means of various parameters of composition (water, fat, protein, organic and ash contents), analyzed in the whole wet body weight of wild Mystus bleekeri have values that are very similar to those reported for the whole body composition of various species, whether farmed or wild Pongchawee et al., 1995; Oliveira, 2003; Ball, 2007; Turan, 2007; Naeem et al., 2010a; . Predictive equations using regression analysis were developed in this study, as many workers have found high degree of accuracy by using it. In this study, it was found that percentage fat, protein and organic contents showed highly significant (P<0.001) inverse relationship with water percentage in wet body weight. These results are in general agreement with other studies by Craig et al. (198 Salam and Janjua (1991) , Salam and Davies 9), , Khaliq (1991), (1994) , Salam et al. (2001) and Naeem et al. (2010a) , except ash content, which was positively correlated and was found to be in agreement with . Actually, a decrease in water content and increase in fat content of fish is attributed with a good condition, while the water content of a non-fatty muscle rises during non-feeding or fasting conditions, due to utilization of protein for metabolic activities (Love, 1970) .
Investigation of the effect of body size on percentage body constituents reflects decrease in relative amount of water and skeleton (wet and dry weight), increase in fat (wet weight), protein and organic contents (wet and dry weight), and no effect on fat (dry weight) with growth of fish. The results declared a definite effect of body size on percentage body constituents and various studies confirm these results Ali et al., 2005 Ali et al., , 2006a . Higher values of percentage protein and fat content in larger fish species (mean standard length and weight) have been reported in Albacore tuna (Perez-Villarreal and Pozo, 1992) , Oreochromis mossambicus (Salam et al., 2001) and Clarias gariepinus (Saliu et al., 2007) . Groves (1970) reported the close relationship of protein, water and ash on each other and on the fork-length of young sockeye ranging from 0.5 to 2500 g.
The value of slope "b" indicates isometric condition for weight-weight, when b=1on log transformed relationships. As "b" value is greater than 1 in total fat, protein and organic contents indicated positive allometry, that is, they increased with increasing wet weight, except total water and ash content, which has "b" value less than 1; thus, they decreased with wet weight showing negative allometry. Comparing the slope (with b = 3) in the log transformed relationships of total values of body constituents with total length indicated an increase in protein and organic contents, and a decrease in water, fat and ash with increase in total length.
Although, several workers have experienced success using condition factor (K) to estimate body composition (Salam and Davies, 1994; Salam et al., 2001; Copeland and Carline, 2004; Ali et al., 2005; Pangle and Sutton, 2005) , many researchers have also failed to find significant relationships between condition factor and body composition Simpkins et al., 2003; Trudel et al., 2005) . Insignificant relationships have also been found between condition factor with percent water and fat in the hatchery reared Tor putitora (Naeem et al., 2010a) ; with percent water, protein and fat in Oreochromis niloticus (Naeem et al., 2010b) ; and with percent water, fat and protein in wild Colisa lalia (Naeem et al., 2010c) . However, reported significant relationships for the condition factor with percent water, protein and fat in Aristichthys nobilis. The relationship between body composition (% water, fat, protein and ash content in wet body weight) and condition factor (K) was also found to be insignificant in this study, suggesting no effect of K on percentage water, fat, protein, ash and organic content. It may be due to this that the use of the condition factor raises problems about the interpretation of this index because the weight of a fish is not always proportional to the cube of its length (Le Cren, 1951; Weatherley and Gill, 1987) .
Multiple regression analysis creates a strong argument that there is a strong influence of wet weight, total length and condition factor on percent water, fat, protein, ash content and organic contents.
Conclusion
In conclusion, this study provides the basic information about body composition on small wild catfish, Mystus bleekeri. Percentage body constituents were found to be similar to the commercially important fish species of Pakistan. Furthermore, the results obtained in this study confirm the fact that proximate composition of fishes vary with species, body size and condition factor.
